Rac1 and RhoG promote cell survival by the activation of PI3K and Akt, independently of their ability to stimulate JNK and NF-kappaB.
Small GTPases of the Rho family play a central role in cellular processes that involve the reorganization of the actin-based cytoskeleton. Rho-related GTPases, which include Rac and Cdc42, can also regulate gene expression often through the activation of kinase cascades leading to enhanced activity of stress activated protein kinases (SAPKs), including JNK and p38 MAP kinases. As SAPKs are implicated in programmed cell death, these observations suggest that Rho GTPases may promote the initiation of the apoptotic process. However, recent reports suggest that Rho GTPases can have either a protective or a pro-apoptotic role, depending on the particular cellular context. In an effort to explore the molecular mechanisms underlying these divergent biological activities, we asked whether there was indeed a correlation between the ability to induce SAPKs and apoptosis by Rho family members. We found that although constitutively activated (Q61L) mutants of Rac1, Cdc42, and RhoG, a Rac1 related GTPase of unknown function, potently induce JNK in COS 7 cells, none of these GTPases could induce apoptosis, nor enhance uv-induced cell death. In contrast, Rac1 and RhoG efficiently protected cells from uv-induced apoptosis. Furthermore, we provide evidence that Rac1 and RhoG can activate both apoptotic and anti-apoptotic pathways. Whereas the former is mediated through JNK, the latter is independent on the transcriptional activation of NF-kappaB, a pro-survival pathway, but results from the direct interaction of these GTPases with phosphatidylinositol 3-kinase (PI3K) and the stimulation of Akt. Together, these findings indicate that members of the Rho family of small GTP-binding proteins can provoke the concomitant stimulation of two counteracting signaling pathways, and that their balance ultimately determines the ability of these GTPases to promote cell survival or death.